The effects of an infusion of a 10% Althesin solution to induce sleep in patients undergoing major gynaecological surgery performed under extradural analgesia are presented. There was no significant depressant effect on the cardiovascular system, but a predictable and preventable depression of respiratory function. Liver function tests were unaffected by the infusion. Operating conditions were satisfactory in all patients and postoperative recovery was smooth and uncomplicated.
was excluded; no upper age limit was set. Serum concentrations of bilirubin, alanine aminotransferase (a.a.t.) and alkaline phosphatase were measured before operation. Premedication was with oral lorazepam 3 mg at least 90 min before surgery.
On arrival in the anaesthetic room heart rate (HR) and arterial pressure (AP) were measured using an automatic ultrasonic apparatus (Arteriosonde 2117) and a Rigel cardioscope and ratemeter. Hartmann's solution was infused to the left forearm or hand. An extradural catheter was introduced, usually in the lumbar 2-3 interspace. A test dose of 2% plain lignocaine 3 ml was given to exclude accidental subarachnoid injection and this was followed by 16-20 ml of the same solution.
A 10% solution of Althesin in Hartmann's solution was prepared in a paediatric infusion burette. An anaesthetic extension set was connected to the paediatric infusion set to allow re-use of the burette (Savege et al., 1975) and this was attached to a 19-f.g. Butterfly (Abbott) indwelling needle, with a threeway tap (for injection of undiluted Althesin at induction) in the dorsum of the right hand.
HR and AP were measured following insertion of the needle. Tidal (FT) and minute (FE) volumes were recorded, initially using a Parkinson Cowan dry gas meter with a hot pen recorder and, subsequently, a BOC Wright Respiratory Monitor became available.
Anaesthesia was induced with Althesin 0.05 ml kg" 1 and sleep was maintained with the 10% Althesin infusion. No attempt was made to measure the effects of induction with Althesin. An oropharyngeal or nasopharyngeal airway was inserted as necessary and oxygen-enriched air was supplied by means of a plastic venturi (Bard) giving an inspired oxygen concentration of 28%. The gases then passed to a T-junction, one limb of which led to the patient, the other being an by a low resistance Ambu non-rebreathing valve connected to a face mask (figs 1, 2). After 5 min, arterial blood was sampled into a heparinized glass syringe by percutaneous puncture of the radial artery; the syringe was placed in ice. HR, During the operation Hartmann's solution or blood was given according to need. When the effect of the original dose of lignocaine was judged to be dimmishing (increase in HR, AP, or FT) an increment of 10-15 ml of 0.5% bupivacaine (without adrenaline) was given. Forty minutes following induction a second arterial sample was taken with a full set of measurements as before.
Ten to fifteen minutes before the end of surgery the Althesin infusion was stopped and the time to recovery of response to painful stimulus, command and name were noted. The cardiorespiratory recordings were repeated. A sample of blood for liver function tests was obtained at this time, 4-6 h later and after 48 h.
All patients were visited at 48 h when specific questions were asked about dreaming, recall and satisfaction with the technique. The site of the Althesin infusion was examined for evidence of local irritation.
RESULTS
The patient data are in table I. The total duration of infusion of Althesin solution ranged from 41 to 115 (mean 74) min. The total dose of 10% Althesin solution administered ranged from 70 to 260 (mean 208) ml. The rate of administration of the 10% solution ranged from 1.2 to 4.4 (mean 2.9) ml min"
1 . There was no obvious relationship between the rate of administration and body weight.
Unless otherwise stated, all results were compared using Student's t test for paired data. (table II) A consistent increase in respiratory frequency may be inferred from the values for tidal and minute volume. FT decreased significantly at 5 and 40 min and at the end of infusion (P< 0.001, P< 0.001, P<0.01 respectively). FE increased significantly at 40 min and at the end of infusion (P< 0.01, P< 0.005), but not at 5 min (P<0.7).
Respiratory function
At 5 min [H+] ranged from 37 to 54 (mean 45) nmol litre" 1 , and at 40 min it was in the range 37-52 (mean 46) nmol litre-1 (table III) (P<0.95). There was no significant difference between Pa C02 at 5 min (range 3.8-7.2, mean 5.6 kPa) and at 40 min (3.4-10.7, mean 5.9 kPa). In one patient, number 3, there was extreme difficulty in maintaining an airway; 
Cardiovascular function
There was no significant change in m.a.p. between pre-induction and the 5-min values (P<0.7) (table  IV) . However, HR did increase significantly (P< 0.025) between these times. Only two patients had a decrease in HR greater than 10% at this time. The majority had an increase in HR greater than 10%.
When pre-induction and 40-min values were compared both HR and m.a.p. increased significantly (P = <0.02 and P<0.01 respectively).
Comparing the 5-min and 40-min values, there was no significant change in HR or m.a.p. (P<0.4 and P<0.2 respectively).
There was no significant difference between preinduction and end of infusion values for either HR or m.a.p. (P<0.1 and P<0.98).
Seven patients showed'a percentage reduction in m.a.p. between pre-induction and 5 min greater than 10%. Five patients showed a percentage increase in m.a.p., between pre-induction and 5 min, greater than 10%.
Eyelash reflex and level of consciousness
One patient exhibited an eyelash reflex at the beginning of anaesthesia (table V) . In contrast, the majority of patients exhibited a pupillary reflex during the operation. Only one patient showed "type 3" muscle movements at the beginning of operation, decreasing as the operation progressed. In general, during the operation there was a decrease in the frequency of muscle movements (5 min: 45%; 40 min: 40%; end infusion: 30%).
Nearly 75% of the patients responded to pain outside the blocked area, for example radial artery puncture. All patients tolerated the oro-or nasopharyngeal airway.
Recovery times are in table VI. 
Liver function tests
We obtained full data in 15 patients (75%) (table VII). There was no abnormality of a.a.t. One patient had an abnormally increased alkaline phosphatase concentration before operation although this decreased over the subsequent sampling period to be in the normal range at 48 h. The bilirubin concentration was increased abnormally at 4 h but was normal by 48 h. Bilirubin was abnormal in three patients (15%) (numbers 4, 11 and 13) at 4 or 48 h.
There was no evidence of inflammation or pain at the infusion site (including one patient in whom 20 ml of the 10% solution was injected extravascularly by accident.
No patient could recall any dreams, nor was any patient aware at any time during the procedure. All the patients were satisfied with their anaesthetic and would be happy, should the need arise, to have the same anaesthetic again.
DISCUSSION
Any new method of anaesthesia must be at least as safe as current methods and offer some advantages. We believe our method to fulfil these criteria; there is little cumulation of the drug, we presume rapid metabolism to non-toxic metabolites, rapid removal from blood and absence of pollution of the atmosphere.
Respiratory function
There was no evidence of alveolar hypoventilation during any part of the infusion. The reduction in FT was compensated for by an increased respiratory frequency. This has been reported by others who have also seen changes in VE, in some cases by as much as 20% (Kauste, 1976) . Oxygenation was not impaired (except in one patient) and in most cases Pa 0]! had increased between the 5-and the 40-min measurement. We observed, however, that the infusion of Althesin, even in 10% solution, could cause transient depression of breathing if given very rapidly and, in extreme cases, apnoea could result.
Cardiovascular function
Interpretation of the cardiovascular results is complicated by the effects of extradural blockade. Thus the increase of mean m.a.p. preceding the injection of bupivacaine at 45 min was interpreted as indicating a loss of analgesia. There was a similar change after the original injection of lignocaine in many patients before we administered 750-1000 ml of Ringer's lactate. In two patients who did not receive the infusion, m.a.p. decreased by 44 and 33%. In both, the arterial pressure returned near to the pre-induction values by 40 min without treatment. Other workers have found both increases and decreases in arterial pressure with i.v. analgesia (Du Calier, 1972; Kauste, 1976 ) similar to the changes described here. The increase in heart rate which we observed is very similar to that found by others using i.v. analgesia (Wilson, 1970; Laxenaire et al., 1974b; Kauste, 1976) .
Level of consciousness
To monitor the level of unconsciousness we observed the eyelash reflex, pupillary response to light and response of unblocked segments to painful stimuli. In addition to these observations we had regard to the respiratory rate, heart rate and arterial pressure.
Of the above signs, we found pupillary response and response to pain to be of little help. Pupillary reflex was almost always present; this is similar to the findings of other workers (Savege et al., 1975) . Nearly all patients responded regularly to painful stimulation beyond the blocked area although apparently asleep. On the other hand, a change in rate of depth of respiration, especially with frequent sighs combined with a return of the eyelash reflex, was an indication of "lightening" of anaesthesia. Increasing the rate of infusion for a few minutes corrected this invariably, restoring regular breathing and abolishing the eyelash reflex.
Operating conditions were satisfactory in all instances. Other authors have reported good operating conditions when an Althesin infusion was combined with regional analgesia (Dunhill, 1975; Savege et al., 1975) .
Muscle movement remote from the operating area was a problem in one patient initially, but this did not affect the operation. Other workers have reported this but with a lesser frequency (Du Caber, 1972; Laxenaire et al., 1974b; Savege et al., 1975) . This may reflect the avoidance of narcotics in our series. Most muscle movements were minor.
The mean time to awareness of pain was very short. The times for response to name and command (mean 16.7 and 17.7 min) were close and in many cases identical. A sudden return of almost full lucidity, despite the length of anaesthesia, was very impressive and has been reported previously (Du Calier, 1972; Laxenaire et al., 1974a, b) . We did not see the disorientation or restlessness described by Kauste (1976) and Laxenaire and others (1974a, b) . This may reflect two factors, the avoidance of opiates and the absence of pain on arousal.
There was considerable variation in the time taken to respond to commands. It may be that, as experience with this technique increases, this time will decrease as the duration of the infusion is timed more accurately. Time of waking did not correlate with age, weight or duration of infusion. It is possible that the use of lorazepam as a premedication prolonged this time (Galloon, Gale and Lancee, 1977) . This time to arousal is similar to that observed in a similar series in which chlormethiazole was used (Wilson, 1970) , but in the present study complete return to lucidity was noticeably faster.
Liver function test
Although the tests used provide only crude indices of liver function, they showed little or no variation between the various times of measurement.
There was a small increase in the serum concentration of bilirubin, but no change in the liver enzymes. This suggests a pre-hepatic cause of hyperbilirubinaemia. Clarke, Doggart and Lavery (1976) used conventional anaesthesia and found only small increases in bilirubin with surgery. They concluded that this was the result of the breakdown of myoglobin (or perhaps haemoglobin). Previously, Ramsay and others (1974) investigated liver function following infusion of Althesin to patients in an intensive care unit and found no deterioration. Many of their patients had grossly disordered liver function because of the primary disease.
The total dose of 10% Althesin solution required was not related to time, suggesting that neither cumulation nor tachyphylaxis occurred. The mean requirement was 2.9 ml min" 1 of the 10% solution (17.4 ml h" 1 of the undiluted solution). These are larger values than those found by others, Dunhill (1975) reporting 0.17-0.25 ml min-1 of the 10% solution in a series in which opiate premedication was used. Laxenaire and others (1974a) and Du Calier (1972) used 12 ml h" 1 and 9.5-10 ml h" 1 of the undiluted solution in series in which i.v. analgesics were used.
